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(57) ABSTRACT

Techniques are taught for detecting threats to data by moni-
toring encryption key activity. The disclosed techniques
include methods and systems for collecting and analyzing
encryption key activity, relating this activity to object data
and comparing it against a defined policy. They also include
reporting policy violations in the form of notifications and
alerts. Distributed implementations of the present techniques
deploy various modules and services at remote/local as well
as global/central sites. When network connectivity between
a remote site and a central site is unreliable, a local policy
engine and a local activity analyzer service monitor key
activity at the remote site and detect policy violations. When
network connectivity is restored, they synchronize with their
global counterparts.
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1
DETECTING THREATS BY MONITORING
ENCRYPTION KEY ACTIVITY

RELATED APPLICATIONS

This application claims priority from U.S. Provisional
Patent Application No. 63/148,981 filed on Feb. 12, 2021
and which is incorporated by reference herein for all pur-
poses in its entirety.

FIELD OF THE INVENTION

This invention generally relates to the field of data pro-
tection and more specifically for detecting threats by moni-
toring key encryption activity and detecting policy viola-
tions caused by the key activity.

BACKGROUND

Detection of attacks on enterprise data is critical to
mounting timely and appropriate response to the threats.
Since data is the most valuable possession of any enterprise,
great care is taken when protecting it from the time it is
created and through all the enterprise processes. Various
methods of data protection are usually employed. These
include encryption, obfuscation, tokenization, network and
user activity monitoring to name a few. As enterprises run
multiple systems, such as payroll, accounting, HR, devel-
opment, test, etc., they usually deploy numerous and often
disconnected solutions to protect enterprise data.

For encrypted environments, there is prior art for moni-
toring the use of encryption keys. U.S. Patent Publication
No. 2019/0075134 A1 to Ylonen teaches techniques for key
use monitoring by managing automated access to computers
via secure shell protocol (SSH) user keys and other types of
trust relationships. It also provides for managing certificates,
Kerberos credentials and cryptographic keys. Certain imple-
mentations provide for remediating legacy SSH key prob-
lems and for automating configuration of SSH keys, as well
as for continuous monitoring.

U.S. Pat. No. 10,110,383 B1 to Tamilarasan discloses
techniques for managing embedded and external key man-
agement systems in a data storage solution. For this purpose,
an embedded encryption key management system is
selected. A first unique signature is generated using a time
parameter and a randomly generated value. A backup copy
of a lockbox is created, wherein access to the backup copy
of the lockbox requires providing a minimum number of
unique data storage system values. The encryption key
management system is then switched to an external mode.

A second unique signature is generated for use with the
local lockbox wherein the signature is generated using a
time parameter and a randomly generated value. The encryp-
tion key management system is then switched back to
embedded mode and a third unique signature is generated
for use with the local lockbox. Again, this signature is
generated using a time parameter and a randomly generated
value. Furthermore, U.S. Patent Publication No. 2009/
0092252 Al to Noll describes a system and method for
managing encryption keys, wherein one or more of the keys
incorporates a disabled state, and wherein the system further
incorporates a namespace.

There is also prior art for monitoring encryption key states
as defined by the Key Management Interoperability Protocol
(KMIP). As encryption keys transition from one state to
another, an event such as an alert or a notification can be
generated. The product of Key Protect for IBM Cloud™ by
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International Business Machine (IBM) provides for moni-
toring the lifecycle of encryption keys. Furthermore, IBM
Cloud Activity Tracker product working with L.og DNA can
be used to track how users and applications interact with
their Key Protect product.

While the above prior art teachings provide for some
monitoring, they are deficient and lacking at least because of
the following reasons:

They are vendor and environment specific. For instance,
only IBM Cloud™ and IBM Key Protect products may
be supported.

They are unable to translate key state transitions to
meaningful key management activity events.

They also require specialized knowledge of software
security.

They are also unable to associate or correlate object data
to the generated key activity.

OBIJECTS OF THE INVENTION

In view of the shortcomings of the prior art, it is an object
of the invention to provide techniques for monitoring key
management activity or simply key activity correlated with
object data, for comparing it against defined policies.

It is further an object of the invention to detect any policy
violations and generate appropriate alerts and notifications.

It is also an object of the invention to provide the above
capabilities transparently to the client applications by uti-
lizing an application proxy.

It is also an object of the invention to save the key activity
log securely.

It is further an object of the invention to support deploy-
ments in distributed environments where network connec-
tivity between a central site and remote sites/locations is
unreliable.

Still other objects and advantages of the invention will
become apparent upon reading the summary and the detailed
description in conjunction with the drawing figures.

SUMMARY OF THE INVENTION

A number of objects and advantages of the invention are
achieved by apparatus and methods for monitoring encryp-
tion key management activity in order to detect threats to
encrypted data. For this purpose, an application proxy
module or service is deployed on an application server
operating a client application which generates key manage-
ment events or activity or more simply just key activity.
Thus, the application proxy intercepts any key activity of
interest generated by the client application or simply the
application.

Exemplary key activity of interest for the instant appli-
cation proxy to intercept includes a volume-create request/
event and a volume-attach request/event. The former
requests a key manager to create an encryption key for a
newly created volume. The latter requests the key manager
to provide the encryption key of an existing encrypted
volume that is being attached by the requesting container.

Such key activity is directed to or destined for a key
manager. However, the instant application proxy intercepts
it and uses an application programming interface (API) of an
activity collector module/service to securely log the key
activity data. Key activity data representing the key activity
includes any requisite data associated with the key activity
request/event including any specified encryption key. It also
includes or is correlated to object data associated with the
storage object to which the request and/or the key pertains.
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After interception of the key activity of interest and
logging of the key activity data, application proxy resends/
redirects the key activity to its original recipient/destination,
that is, the key manager. Both the application proxy and
activity collector preferably operate efficiently, so as to
cause minimal performance degradation for the client appli-
cation. In the preferred embodiment, the key manager is a
key management interoperability protocol (KMIP) compli-
ant key manager.

There is also a policy engine for defining one or more
security policies and for comparing the key activity data
against the policies in order to detect any violations. Each
such policy includes one or more policy definitions or rules
or entries. The policy engine provides a user interface (UI)
for managing the policies, including updating/editing the
policy entries of existing policies, creating new policies,
deleting policies, etc.

The policy engine compares the key activity data logged
above against existing active policies. It then reports any
policy violations to an activity analyzer module or service.
In some embodiments, the policy engine only reports vio-
lations to the activity analyzer while in other embodiments
it reports all key activity data to the activity analyzer. The
types of key activity that the policy engine communicates to
the activity analyzer is configurable by an administrator.

In case of any violations reported by the policy engine, the
activity analyzer then alerts the designated parties, which
may be users/administrators or other systems/applications.
The activity analyzer may also perform further analysis on
key activity data. This includes machine learning and other
statistical analysis techniques that may detect/predict
anomalies in the key activity data.

In some embodiments the application proxy is installed as
a service on every node of a networked computing environ-
ment. In a preferred embodiment, the key activity data log
created by the logging API of the activity collector is an
unmodifiable log. What this means is that any tampering
with the log can be easily detected by an application reading
the log. In another preferred embodiment, the log is also an
append-only log.

In another highly preferred set of embodiments, the
present technology is deployed in a distributed environment.
The distributed environment consists of a central or globally
distributed environment or site, and a local or remote site
that is separate from the central or global site. These
embodiments are highly suitable for deployments where
there are remote sites that have intermittent or unreliable
network connectivity with the central site. Exemplarily, such
remote sites may operate internet-of-things (IoT) devices
that generate sensitive IoT data which needs to be protected.

In such distributed deployments, there is a local policy
engine and a local activity analyzer at each local/remote site,
with their global counterparts at the central site. Working
together, the local policy engine and the local activity
analyzer monitor key activity data at the remote site and
detect violations of policies that are locally critical at the
remote site.

The present distributed embodiments provide this local
monitoring capability at local/remote sites that may be
disconnected at times from the central or global environ-
ment. In some variations, the locally critical policies may
also be enforced and not just monitored. In such a scenario,
any violating key activity requests are denied and reported.
Then, once network connectivity to the central/site is
restored, the local policy engine and local activity analyzer
synchronize with their global counterparts at the global/
central site or environment.
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Clearly, the system and methods of the invention find
many advantageous embodiments. The details of the inven-
tion, including its preferred embodiments, are presented in
the below detailed description with reference to the
appended drawing figures.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

FIG. 1 shows a block diagram view of a cryptographic
key-based threat monitoring system of the present technol-
ogy.

FIG. 2 shows a more detailed architectural view of an
embodiment of an encryption key-based threat monitoring
system based on the instant principles.

FIG. 3 shows in a flowchart or a flow diagram form the
steps required to setup and configure the threat monitoring
system of FIG. 2.

FIG. 4 shows a variation of the threat monitoring system
of FIG. 2 that is deployed in a distributed environment
consisting of remote or local and separate central or global
environments.

DETAILED DESCRIPTION

The figures and the following description relate to pre-
ferred embodiments of the present invention by way of
illustration only. It should be noted that from the following
discussion, alternative embodiments of the structures and
methods disclosed herein will be readily recognized as
viable alternatives that may be employed without departing
from the principles of the claimed invention.

Reference will now be made in detail to several embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying figures. It is noted that
wherever practicable, similar or like reference numbers may
be used in the figures and may indicate similar or like
functionality. The figures depict embodiments of the present
invention for purposes of illustration only. One skilled in the
art will readily recognize from the following description that
alternative embodiments of the structures and methods illus-
trated herein may be employed without departing from the
principles of the invention described herein.

The techniques described herein may employ computer
code that may be implemented purely in software, hardware,
firmware or a combination thereof as required for a given
implementation. The present disclosure describes techniques
and methods for collecting and analyzing encryption key
activity, comparing this activity against one or more defined
security policies and reporting on events and exceptions that
violate the policies. The techniques of the present technol-
ogy are suitable for environments employing data encryp-
tion with a key management infrastructure. Such environ-
ments employ a key management system (KMS) or more
simply a key manager (KM).

The present invention will be best understood by first
reviewing the systems and methods for monitoring threats to
data by collecting and analyzing encryption key activity as
illustrated in FIG. 1. More specifically, FIG. 1 shows a
system 100 for monitoring threats to data and includes the
following components or modules. These components may
communicate with each other via messages or by files or by
any other suitable form of communication scheme.

1. Application Proxy. Application proxy component/mod-
ule 102 is responsible for intercepting encryption key
management activity generated by an application, such
as client application 112 shown in FIG. 1. For brevity
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we may usually refer to key management activity as
simply key activity in this disclosure. Application
proxy 102 is then responsible for providing the inter-
cepted key activity to activity collector 104 discussed
further below. Client application 112 may be any appli-
cation of interest that accesses or generates sensitive
data that needs to be protected.

Exemplary encryption key activity intercepted by
application proxy 102 includes any type of key
management activity. This includes key creation
requests, key deletion/destruction or revocation
requests, as well as requests for obtaining the
encryption or cryptographic key of an encrypted
object. The preferred embodiment employs a KM
110 that is compliant with the Key Management
Interoperability Protocol (KMIP) standard. As such,
the activity requests/calls generated by the applica-
tion are KMIP-compliant.

In the absence of application proxy 102, such key
activity requests/calls or simply key activity is sent
by client application 112 directly to KM 110. Using
the present design however, application proxy 102
intercepts this key activity and gathers key activity
data for activity collector 104. After collecting and
logging the requisite key activity data, application
proxy 102 redirects the original key activity requests/
calls to their intended destination, namely KM/KMS
110. FIG. 1 shows the key activity data logged by
application proxy 102 by reference numeral 114.
This data may be stored as files, tables or in any other
appropriate storage construct.

In the preferred embodiment, application proxy 102
takes the form of an application programming inter-
face (API) library that is installed on the same
system as client application 112 that is generating the
key activity. In such a scenario, application proxy
102 replaces the application library responsible for
interacting with KM 110.

After intercepting the key activity discussed above,
application proxy 102 saves or logs the key activity
data representing the key activity. The key activity
data includes any relevant data about the storage
objects associated with the request. More precisely,
we refer to key activity data 114 of FIG. 1 as
including data related to an existing encryption key
as well as data related to a request for a new
encryption key.

Furthermore, and importantly, key activity data 114
also includes any relevant data about the storage
object itself that an existing encryption key is asso-
ciated with or related to, or for which a new key is
being requested. In other words, the present design
correlates key activity data to the object data in
question. Key activities of interest for the instant
threat monitoring system are those that involve or are
associated with or related to an encryption key.

Examples of object data included in such key activity
data includes the name/id of the container and/or the
volume, the name/id of the file or the name/id of the
cloud object, or the name/id of any other object
associated with or encrypted/decrypted by the key.

Let us consider an exemplary implementation of the
present technology in a computing environment that
uses a container management system with encrypted
data. In such an environment, when a container
attaches an encrypted data volume, exemplary key

10

15

20

25

30

35

40

45

50

55

60

65

6

activity data 114 gathered and saved by application

proxy 102 of FIG. 1 includes:

{application_id, container_name, volume_id,
encryption_key_id, encryption_key_event="get”,
application_event=*volume_attach™}.

In the above example, the requesting container is in
turn requesting key manager 110, the encryption of
the encrypted volume being attached. As another
example, when a container sends a request to create
an encrypted data volume, following key activity
data 114 is intercepted and logged by application
proxy 102. In this example, the container is in turn
requesting KM 110 to create a new encryption key
for a newly created volume:

{application_id, container_name,
encryption_key_event="create_and_activate”,
application_event=*volume_create”}.

In non-containerized environments operating the pres-
ent technology also, appropriate volume-create and
volume-attach requests are intercepted by applica-
tion proxy 102.

Upon interception of above key activity requests/calls,
application proxy 102 logs key activity data 114 that
is used or consumed by activity collector 104 dis-
cussed further below. In a preferred embodiment,
application proxy 102 calls an application program-
ming interface (API) of activity collector 104 for
saving key activity data 114. The API of activity
collector 104 then saves activity data 114 in a secure
log. This secure logging capability of activity col-
lector 104 is discussed in detail further below.

Application proxy 102 may take the form of a “shim”
compatibility layer in various embodiments. In some
embodiments, application proxy 102 is a service that
is configured to monitor an audit log of KM 110. In
such a scenario, application proxy service 102 har-
vests the requisite key activity data from the KM
audit log and logs it as key activity data 114.

In yet another embodiment of the present technology,
application proxy 102 is a service that runs on every
node of a networked computing environment. In
such a scenario, the administrator redirects all
encryption key activity calls/requests originating
from a client application on any node, to application
proxy 102. In the absence of instant proxy 102, these
calls/requests would otherwise be sent directly to the
KMS. As before, application proxy 102 then saves
the requisite key activity data for activity collector
104. It then relays these calls/requests to KM 110.

An additional feature of instant application proxy 102
is that it can be used to convert non-standard key
management requests to an industry standard such as
KMIP. In such a scenario, while saving/logging key
activity data 114 per above, application proxy 102
performs any requisite data transformations of key
activity data 114 that are needed to conform it to the
KMIP standard/protocol. This capability enables the
instant design to interoperate between a non-stan-
dard key management environment and industry-
standard key management systems.

2. Activity Collector. An activity collector shown by

reference numeral 104 in FIG. 1 is a module or service
that receives or consumes key activity data 114 gath-
ered by application proxy 102. In a preferred embodi-
ment, application proxy 102 calls a (logging) API of
activity collector 104 to securely log key activity data
114.
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As noted, key activity data 114 represents any key
management activity or requests that involve an
encryption key. These include key revocation or
deletion/destruction requests specifying an existing
encryption key and key creation requests that result
in the creation of a new key. These also include
requests for obtaining encryption key of an
encrypted volume or storage object. Furthermore,
key activity data 114 includes relevant data of the
storage object in question to which the encryption
key pertains or is associated with.

Per above, activity collector 104, and more specifically
its above-mentioned logging API, is responsible for
securing key activity data 114 such that it cannot be
tampered with by a malicious party. Key activity data
114 is saved securely in a log. Preferably, the log is
an unmodifiable log. In other words, any unauthor-
ized changes to the logs are easily detectable by an
application reading it. Preferably still, the log is an
append-only log. In a preferred embodiment, this is
accomplished by the logging API by signing each log
entry using a well-known hash algorithm, such as
SHA-256, to prevent the modification of individual
log entries.

Furthermore, the API also signs the entire log file using
the same or a different hash algorithm. These signa-
tures are verified every time an entry is appended to
the log file as well as every time an entry is read from
the log file. The present design admits of other secure
and unmodifiable append-only logging schemes that
may be employed by activity collector 104 and more
specifically its logging API to securely save key
activity data 114.

Activity collector 104 then provides key activity data
114 to policy engine 106 for detecting policy viola-
tions as discussed further below. In a preferred
embodiment, the key activity data is provided to
policy engine 106 on an event-driven basis. In such
a scenario, key activity requests/events are passed
onto policy engine 106 as application proxy calls the
logging API of activity collector 104 for logging
these events in key activity data 114.

Thus, taking the above examples of a container attach-
ing an encrypted volume and a container requesting
the creation of an encrypted volume, these events are
immediately passed onto policy engine 106. The
communication of key activity data to policy engine
106 may take the form of messages, or alternatively
files, tables, etc.

Alternatively still, key activity data 114 may also be
provided to policy engine 106 on a batch basis. Such
a capability is useful when there is unreliable or
intermittent communication between a local/remote
site operating activity collector 104 and a global
policy engine 106 operating at a global/central site.
The implementation of the present technology in
remote/disconnected environments will be discussed
further below in reference to FIG. 4.

Regardless, the main responsibility of policy engine
106 is to apply received key activity data 114 against
the active security policies and report any violations.
Let us now look at the working of policy engine 106
in greater detail.

. Policy Engine. Policy Engine 106 shown in FIG. 1 is
a module or service that is responsible for managing
security policies or simply policies. These policies are
created by authorized users, such as administrators. The
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main responsibility of policy engine 106 is to determine

whether or not a key activity event or a set of key

activity events or more simply just key activity,
received/read from activity collector 104 is in violation
of one or more security policies.

A policy consists of one or more policy definition
entries or rules. Each entry/rule of a policy specifies
a key activity/operation/event that is acceptable/
allowable by the policy. In addition, an entry may
also specity an acceptable property or attribute of the
key activity per the policy. Exemplarily, such a
property is the number of allowable times per period,
date/time intervals, etc. during which the specified
key activity is allowed to occur.

The above entries/rules and associated properties/attri-
butes may specify as to what is allowable and/or also
as to what is not allowable by the policy. Exemplar-
ily, the later may be accomplished by specifying a
“I” or operator before a rule. A number of such
rules/entries comprise a policy. Each policy may
exist in its own file or a number of policies along
with their rules/entries may be included in a single
file. Exemplarily, the policy file(s) may be human-
readable and human-editable text files, although they
may also be only machine-readable binary files. Of
course, the policy files are secured in a manner so as
to only allow authorized applications or users to
make any changes/additions/updates or even to view
the policies.

As noted, policy engine 106 is also in charge of
managing or maintaining these policies. In the pre-
ferred embodiment, policy engine 106 includes an
appropriate user interface (UI), such as a command
line interface (CLI) or a graphical user interface
(GUI). Such an interface enables an authorized user,
such as an administrator, to view and edit the policies
defined in the system. There may also be a hierar-
chical access control based on the roles and privi-
leges of various users in the organization that deter-
mines which users are allowed to view and/or edit
what policies.

A policy entry/rule/definition specifies/defines a certain
key activity that is allowed by the policy. For
example, an entry in a policy can be used to specify
that a sales application is never allow to attach a
container volume that is run by the human resource
(HR) department. A policy entry/rule can also
specify the allowable number of key activities. A
policy can also define the allowable date/time period
or intervals in which the specified key activities are
allowed to occur. A policy can also define an allow-
able rate of occurrence of various key activities.

As another example, a policy can specify that a payroll
application can only attach to a human resources
(HR) data volume up to 3 times in the last 3 days of
each month. In such a scenario, the payroll applica-
tion does so in order to run a monthly payroll.
Another example of a policy definition can specify
that the number of volume-attach events sent to KM
110 may not exceed 50 per day and may only occur
between 8 am and 5 pm on weekdays.

Referring still to encryption key activity-based threat
monitoring system 100 of FIG. 1, policy engine 106
receives or reads key activity data 114 securely saved
by activity collector 104 and more specifically its
logging API. It then determines if any key activities
are in violation of one or more policy rules/entries/

TR
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definitions defined in/by policy engine 106. If a
violation is detected, an appropriate alert or notifi-
cation is sent to the user/administrator or an appro-
priate system/application.

In one embodiment, policy engine 106 itself sends such
alerts. It is possible that a certain key activity is in
violation of multiple policy definitions or policy
definitions in multiple policies. In the present
embodiment, policy engine 106 sends appropriate
alert(s) to the pertinent users of the organization
and/or to other systems/applications to report the
policy violations.

In other embodiments, policy engine 106 reports such
violations to another module. In a variation, the
receiving module is a key management console
server. Console server then displays these violation
events as they occur as indicators in its encryption
key view and object information view.

In the preferred embodiment however, policy engine
106 reports all such violation events to an activity
analyzer 108 (discussed further below). In a related
variation, policy engine 106 sends activity analyzer
108 all allowed as well as violating key activity data
114 against active or deployed policies. In other
words, it informs activity analyzer about all key
activities, whether or not they are in violation of one
or more policies and more specifically their policy
definitions/entries/rules.

4. Activity Analyzer. Policy engine 106 communicates
with activity analyzer 108 using one or more suitable
communication schemes, including messages, files,
tables, etc. More specifically, policy engine 106 com-
municates key activity data 114 to activity analyzer
108. Based on techniques known in the art, activity
analyzer 108 then performs further analysis on the key
activities and reports any observed/detected or pre-
dicted anomalies. For this purpose, it may apply
machine learning (ML) and/or artificial intelligence
(Al) algorithms and or other analytical or statistical
techniques.

Architecture, Setup and Configuration

Let us now review a preferred architecture, and the steps
required to set up and configure threat monitoring system
100 shown in FIG. 1. For this purpose, let us take advantage
of the embodiment shown in FIG. 2. FIG. 2 shows a key
activity-based threat monitoring system 200 that consists of
an instance of application proxy 202B1, 202B2, . . ., 202BN
for every application 202A1, 202A2, . . ., 202AN respec-
tively. In practice, applications 202A are any applications
generating key management/activity requests or events that
would result in encryption key activity data 114 discussed in
reference to FIG. 1 above.

Per above teachings, application proxies 202B intercept
key activities destined for key manager 210 and log perti-
nent key activity data 214. In the preferred embodiment,
they log key activity data 214 by calling a logging API of
activity collector 204. Key activity data 214 may be stored
as files or as one or more data constructs/structures in a
datastore or database 216. Such data constructs/structures
may take the form of tables when database 216 is a relational
database.

In the preferred embodiment, each application, such as
application 202A1 and corresponding application proxy
202B1 are running on a dedicated application server 202C1
as shown. Similarly, there is an application 202A2 with
application proxy 202B2 running on application server
202C2 and so on. However, in other embodiments, there
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may be more than one applications 202A and respective
proxies 202B sharing a single application server. Con-
versely, there may be more than one application servers
serving a single application, such as application 202A5 with
application proxy 202B5.

Furthermore, depending on the architectural requirements
of a given implementation, application proxies 202B, com-
puting applications 202A and application servers 202C may
be executing on a single server node or hardware or box or
machine or platform 2027 as shown. Alternatively, they may
share the underlying hardware or platform with other mod-
ules and sub-systems. They may also be deployed on mul-
tiple nodes in a high availability (HA) architecture known in
the art.

Regardless, one or more system and application admin-
istrators install and configure the various systems, modules
and sub-systems shown in FIG. 2. Let us now review this
setup process by taking advantage of flowchart 300 shown
in FIG. 3 in conjunction with FIG. 2. Various steps shown in
FIG. 3 may be performed in parallel or in a different order
than the one shown for the preferred embodiment in FIG. 3,
but still within the scope of the instant principles.

In first step 302, applications 202A, application proxies
202B, along with application servers 202C are installed and
configured by the administrator(s). Then at step/box/block
304, an activity collector 204 is deployed. Activity collector
204 may be deployed as a single instance or as multiple
instances for high availability (HA) based on techniques
known in the art. In a similar fashion, in step 306, policy
engine 206 is deployed as a single instance or as multiple
HA instances.

Further, in step/box/block 306 the administrator(s) con-
figure policy engine parameters that determine which key
activities or events policy engine 206 will communicate to
activity analyzer 208. Recall from the above discussion of
FIG. 1, that policy engine 206 may communicate only
violating key activities to activity analyzer 208 or alterna-
tively all key activities. Any desired key activity events/
requests or more simply key activity/activities may be
configured to be communicated by policy engine 206 to
activity analyzer 208 of FIG. 2, at step 306 of FIG. 3.

At step 308 activity analyzer 208 is configured. This
configuration determines which users/parties will be alerted/
notified when various policy violations occur. In the pre-
ferred implementation, users are alerted in accordance with
the policy violation that pertains to them based on their
roles/privileges. For instance, a payroll administrator should
be alerted when a marketing system attempts to attach a
payroll container volume, but not necessarily when a devel-
opment system attaches a human resource volume.

At step 310, administrators define the policies in policy
engine 206 per above teachings. The policies are defined
according to the organizational guidelines and objectives.
Once a policy is defined and reviewed, it is finally deployed
whence it becomes active in the threat monitoring system
200 of FIG. 2.

Following step 310, the administrators may also decide
upon incident response policies that determine what
response will be taken and by who when policy violations
occur. Note that this step is outside the purview of threat
monitoring system 200 of FIG. 2 and may involve other
systems/personnel and HR activities. It is therefore not
shown in flowchart 300 of FIG. 3.

Distributed Implementations/Deployments

Let us now review a deployment architecture of the
present technology that is especially suitable for remote and
disconnected environments where network connectivity is
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unreliable. For this purpose, let us take advantage of an
encryption key activity-based threat monitoring system 400
shown in FIG. 4. Threat monitoring system 400 shown in
FIG. 4 is a variation of FIG. 2 with a local/remote operating
environment or site or location 400A and a global or globally
distributed operating environment or site 400B as shown.

In various embodiments, operating environment 400B
may be a corporate location, or a central data center. Further
still, computing systems of environment 400B may be
dispersed upon more than one geographical location, such as
multiple data centers, or on multiple servers. Operating
environment 400A is an environment that is remote or at a
site that is geographically separate from the corporate or
central environment of 400B.

Moreover, network communication between local/remote
site 400A and global site 400B may be unreliable or dis-
connected at times. An example of such a remote site may
be an oil rig or a construction site that generates sensitive
internet-of-things (IoT) data that needs to be protected.
There may be many such remote or local environments
400A1, 400A2, . . . working in conjunction with a central or
global environment 400B.

The key architectural difference between embodiment
200 of FIG. 2 discussed in detail above, and distributed
embodiment 400 of FIG. 4 is that there are local and global
counterparts of the policy engine and the activity analyzer.
More specifically, there is a local policy engine 406A at site
400A and there is a global policy engine 406B in the global
or distributed environment of 400B. Similarly, there is a
local activity analyzer 408A at remote site 400A and there is
a global activity analyzer 408B in the central/corporate/
global/distributed environment of 400B.

In the distributed deployment/implementation of FIG. 4,
local policy engine 406A is a local service or module
running on every system at site 400A that is accessing or
generating sensitive data/information that needs to be pro-
tected. It is a simplified version of policy engine 206 of FI1G.
2. Local policy engine 406A is not allowed to or capable of
making policy definitions/entries/updates/changes. How-
ever, working in conjunction with local activity analyzer
208A discussed further below, it is able to monitor key
activity against policies that are critical to site 400A locally
and raise appropriate alerts. Local modules/services 406A
and 408 A can perform this local monitoring in the absence
of network connectivity between environments 400A and
400B.

Local policy engine 406A applies/compares local key
activity data 214 at site 400A against the locally critical
policies. Per prior teachings, it then reports any violations or
alternatively all key activity data to local activity analyzer
408A. In a manner similar to local policy engine 406 A, local
activity analyzer 408A is a local service/module running on
every system at site 400A that is accessing or generating
sensitive data/information that needs to be protected.

When network activity to the “higher level” systems in
global environment 400B is lacking, local activity analyzer
408A together with local policy engine 406 A monitor key
activity against locally critical policies. This allows threat
monitoring system 400 to respond to critical threats in
remote and/or disconnected environments. Any violations
are reported by local activity analyzer 408B via appropriate
alerts to the designated authorities at site 400A. Instead of or
in addition, in case of violations, any appropriate down-
stream systems and/or applications are updated and any
requisite incident response policies activated.

In some variations, there may also be a local enforcement
of these policies afforded by local policy engine 406 A and
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local activity analyzer 408A. This enforcement by modules
406A/408A includes denying the key activities or requests
that would cause policy violations. When connection to
global environment 400B is restored, local activity analyzer
408A updates its global counterpart or global activity ana-
lyzer 408B that is in charge of analyzing key activity data
from all remote sites. After a local analyzer, such as analyzer
408A of FIG. 4 has updated global activity analyzer 408B
with all key activity data 214 since its last “synching”, it can
then purge its local log(s). In a similar fashion, local policy
engine 406A may perform any necessary synchronization
with global policy engine 4068 when network connectivity
is working.

In the distributed implementation of FIG. 4, global policy
engine 4068 and global activity analyzer 408B are analo-
gous to activity collector 204 and policy engine 206 respec-
tively of FIG. 2. In other words, policy engine 4068 has full
or complete policy management and monitoring capabilities
while its local counter part policy engine 406A may have a
subset of its capabilities as required for site 400A. Similarly,
activity analyzer 408B has complete analytical and alerting
capabilities while its local counterpart activity analyzer
408A may have a subset of'its capabilities as required for site
400A. In still other variations, the capabilities of local policy
engine 406A and local activity analyzer 408A are com-
pletely tailored according to the requirement of site 400A.

In wvarious embodiments of the present technology
described above, it is important that the application proxy
and the activity collector modules/services are implemented
efficiently. This is to ensure that they appear transparent to
the client application interacting with the instant proxy. This
is possible if there is very little performance degradation
perceived by the client application.

In addition to the above-described distinguishing features
and aspects of the instant key-activity based threat monitor-
ing technology, these are some of its additional salient
attributes:

The present design is vendor-agnostic. The instant tech-
nology can operate with systems and modules operat-
ing on a variety of hardware, software and standards.
This includes the KMIP standard or protocol.

The design is also application-agnostic. Key activity-
based monitoring techniques taught herein can be
applied to detect threats to data based on key activities
performed by a variety of applications.

The present technology uniquely monitors encryption key
activity and events and relates them to storage objects
that are protected by these encryption keys.

Based on the instant design per above teachings, policy
definitions do not require specialized technical and
software security knowledge.

In a similar manner, key activity analysis/interpretation
and enforcement of consequent actions do not require
specialized technical and software security knowledge.

In view of the above teaching, a person skilled in the art
will recognize that the apparatus and method of invention
can be embodied in many different ways in addition to those
described without departing from the principles of the
invention. Therefore, the scope of the invention should be
judged in view of the appended claims and their legal
equivalents.

What is claimed is:

1. A computer system comprising computer-readable
instructions stored in a non-transitory storage medium and at
least one microprocessor coupled to said storage medium
when executing said computer-readable instructions, said
computer system comprising:
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(a) an application proxy operating on an application
server and intercepting key activity generated by an
application operating on said application server, said
key activity destined for a key manager and involving
an encryption key and a storage object associated with
said encryption key;

(b) an application programming interface (API) of an
activity collector for securing in a log, key activity data
representing said key activity, wherein said key activity
data is correlated to object data associated with said
storage object;

(c) a policy engine for defining one or more security
policies and for determining if said key activity is in
violation of said one or more security policies; and

(d) an activity analyzer service for alerting one or both of
a designated user and an application about said viola-
tion.

2. The computer system of claim 1, wherein said appli-
cation proxy is a service operating on every node of a
networked computing environment.

3. The computer system of claim 1, wherein said key
activity comprises a volume-create event and a volume-
attach event.

4. The computer system of claim 1, wherein said log is
one or both of an unmodifiable log and an append-only log.

5. The computer system of claim 1, wherein each of said
one or more security policies comprise one or more policy
entries for specifying when said key activity is in violation
of said each of said one or more security policies.

6. The computer system of claim 5, wherein said policy
engine contains a user interface for creating said one or more
of policy entries.

7. The computer system of claim 1, wherein said activity
analyzer service performs further analysis on said key
activity data.

8. The computer system of claim 1, wherein said key
manager is a key management interoperability protocol
(KMIP) compliant key manager.

9. The distributed computer system of claim 8, wherein
said network connectivity between said local site and said
global site is unreliable.

10. A distributed computer system comprising computer-
readable instructions stored in a non-transitory storage
medium and at least one microprocessor coupled to said
storage medium when executing said computer-readable
instructions, said computer system further comprising a
local site and a global site, said local site comprising:

(a) an application proxy operating on an application
server and intercepting key activity generated by an
application operating on said application server, said
key activity destined for a key manager and said key
activity involving an encryption key and a storage
object associated with said encryption key;

(b) an application programming interface (API) of an
activity collector for securing in a log, key activity data
representing said key activity, wherein said key activity
data is correlated to object data associated with said
storage object;

(c) a local policy engine for determining if said key
activity is in violation of a local policy;
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(d) a local activity analyzer module for alerting a desig-
nated party at said site about said violation; and

(e) said global site comprising:

(f) a global policy engine for synchronizing with said
local policy engine when there is network connec-
tivity between said local site and said global site; and

(g) a global activity analyzer module for synchronizing
with said local activity analyzer module when there
is said network connectivity between said local site
and said global site.

11. A computer-implemented method executing by at least
one microprocessor, computer-readable instructions stored
in a non-transitory storage medium coupled to said at least
one microprocessor, said method comprising the steps of:

(a) intercepting by an application proxy operating on an
application server, key activity generated by an appli-
cation operating on said application server, said key
activity destined for a key manager and said key
activity related to an encryption key and a storage
object associated with said encryption key;

(b) securing by an application programming interface
(API) of an activity collector, key activity data repre-
senting said key activity, and correlating said key
activity data to object data associated with said storage
object;

(c) operating a policy engine for defining one or more
security policies and for determining if said key activity
is in violation of said one or more security policies; and

(d) alerting by an activity analyzer one or both of a
designated user and a system, about said violation.

12. The computer-implemented method of claim 11 oper-
ating said application proxy as a service on every node of a
networked environment.

13. The computer-implemented method of claim 11
including a volume-create event and a volume-attach event
in said key activity.

14. The computer-implemented method of claim 11 per-
forming said securing in an unmodifiable and an append-
only log.

15. The computer-implemented method of claim 11
including at least one policy entry in each of said one or
more security policies, said at least one policy entry speci-
fying when said key activity is in violation of said each of
said one or more security policies.

16. The computer-implemented method of claim 15
including a user-interface in said policy engine for creating
and updating said at least one policy entry.

17. The computer-implemented method of claim 11 fur-
ther analyzing said key activity data by said activity ana-
lyzer.

18. The computer-implemented method of claim 17
including one or both of machine learning and statistical
analysis techniques in said analyzing.

19. The computer-implemented method of claim 11 per-
forming said steps (a) and (b) at a remote site.

20. The computer-implemented method of claim 19 oper-
ating a local policy engine and a local activity analyzer for
local policy enforcement at said remote site.
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